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Abstract: 
Exercise “spinning bikes” and bicycle training stands are common ways to maintain fitness and train 
for cycling. This exercise necessitates the user putting work into the machine by means of pedaling. 
In many instances the work put into exercise bikes and training stands is not taken advantage of.  
The exercise bike generator is an attempt to make use of some of the energy that a person would 
usually expend during exercise by interfacing with multiple spinning bikes and training stands. It uses 
a synchronous pulley system to interface with the exercise machine and spin a permanent magnet 
motor. The motor in turn, charges a battery which can be used to charge small electronic devices that 
are compatible with 12V DC power. Adjustable legs and straps secure the generator to different 
machines.  
The design for the generator was developed by measuring the geometry of several training stands and 
exercise bikes. The drive train was designed to function within the range of a natural human exercise 
cadence and spin the motor at sufficient rpms to charge the battery. The generator was designed for 
easy attachment/detachment and transportation. 
The generator can produce a voltage between 12 and 13.4 volts in order to charge a battery. It is able 
to adapt to no less than two spinning bikes and two training stands. The generator is capable of 
accommodating more than 6 different tire diameters and thicknesses. The setup time for the generator 
is less than 7 minutes.  
 
Introduction: 
 
Description: 
The exercise machine generator will use power from wheels or pulleys that are commonly 
implemented in the designs of exercise bicycles and other machines to turn a direct current motor. 
The direct current motor will give electric potential to a small battery that can be used to power and 
charge small electronic devices such as music players or smartphones. A digital readout will give real 
time information on energy generation.  
Motivation: 
In any given gymnasium in the world there are persons doing work on machines, pushing, pulling and 
turning masses, at times for hours on end. The motivation behind the exercise machine generator is to 
take advantage of some work done by gym patrons and turn it into usable electrical power to charge a 
smartphone or similar device. If successfully designed and marketed an exercise machine generator 
could reduce energy demand on a power grid at times of peak demand.  
Function Statement: 
The function of this exercise machine generator will be to receive power from spinning wheels or 
pulleys that are already integrated into many exercise machines. The power will be stored in a battery 
that will be coupled with an AC inverter to give added function to the generator. The generator will 
have a digital read out that will display voltage, current, and amp hours on the battery.  
Requirements: 
The generator will take advantage of some of the existing components of a previously attempted Sr. 
project.  These include: 
 A 300 W, 36 V DC motor.  
 A 12 V battery. 
 A digital display that exhibits voltage, amperage and amp hours 
accumulated.  
The generator must: 
 Build charge in the 12 V battery 
 Have the ability to be applied to a variety of exercise bicycles and exercise 
machines.  
 Be able to be applied to or removed from any given exercise machine in less 
than 7 minutes time and require no special tools. 
 Not exceed $300 in material expenses.  
 Not weigh more than 30lbs.  
Engineering Merit: 
The design of the exercise machine generator will implement several different engineering 
disciplines. The motivating force behind the exercise generator was that human effort could be turned 
into usable electrical power, therefor electrical theory will be used to realize that aspect. Mechanical 
design will be required to ensure appropriate velocity ratios from sprocket to the shaft of the motor. 
Mechanical design will also be used specify the type of materials used to manufacture the load 
bearing portions of the machine. Statics will be used to ensure that the design of the machine is well 
balanced and stable while in operation.  
Scope of Effort: 
The scope of this project will include the manufacture of an aluminum frame a custom sprocket and 
two adjustable legs. A prefabricated motor and charge controller will be integrated into the design. Its 
finished design should demonstrate improvements to previous iterations of this projects.  
Success Criteria: 
To be counted as a success the exercise machine generator will have to be more user friendly than 
previous iterations of the machine while still generating the required voltage. The primary 
improvement of the device from the benchmark device discussed further in this report will be in 
mobility rather than production of power. In addition to enhanced mobility, the exercise bike charger 
will also have to conform to the basic requirements listed above in order to be considered successful.  
 
  
Design and Analysis: 
 
Approach: 
The motor that will be used is a 36v, 300 watt D.C. motor. Similar products on line require 2750 rpm, 
which will be used as a baseline calculation. An XL synchronous belt will be used to turn the DC 
motor. A voltage curve was established by clamping the drive shaft of the motor in the chuck of the 
lathe and measuring the voltage and current at varying resistances. With this data it is possible to 
estimate the minimum rpms for the motor to generate adequate voltage to charge a 12V battery. Using 
this data the drive train for the motor can be optimized. 
Design Description: 
The exercise machine generator will have two sprockets to transmit power from the exercise machine 
to the motor. The large sprocket will be custom made so that it will easily butt against a bicycle wheel 
or an exercise machine flywheel. The frame of the exercise machine generator will be designed be 
strapped securely to most spinning exercise bikes and bicycles mounted in a bicycle training stand. 
The DC motor will send charge to a charge controller and then to a 12V batter. A 25A solar panel 
charge controller will be used to regulate the voltage into the battery and stop the battery from putting 
power back into the motor. It will also prevent over charging of the battery. . A watts-up meter will 
display the voltage, current, power being generated and charge accrued to the battery as the exercise 
machine is in operation. Multiple USB ports will be integrated into the circuit so that the end user can 
charge compatible devices such as smart phones or tablets.  
Benchmark: 
There have been at least two previous iterations of this exercise machine generator to function as a 
benchmark to this current project. Another benchmark device was featured in the documentary, 
Billions in Change. The inventor of the 5 Hour Energy dietary supplement funds a laboratory that 
produced a pedalable power generation station that was supposedly capable of generating enough 
power to supply a small home and cost less than $100.  
 
Performance Predictions: 
Input RPM’s at the point of the large sprocket is predicted to range between 84 and 250 RPM’s to 
generate a voltage high enough to charge the 12V battery. The frame of the exercise machine 
generator’s geometry will allow it to be strapped to a multitude of exercise machines with less than 7 
minutes of set up time. The primarily aluminum frame construction should assure that the overall 
weight of the generator is less than 30lbs.  
Description of Analyses: 
 
Voltage Curve: (Appendix A12) 
The first analysis to be performed was the establishment of voltage per RPM on the motor. This 
preliminary analysis opened the door to analysis of the input rpms and size of the large interfacing 
sprocket as well as structural and electrical analysis. This analysis was conducted by locking the shaft 
of the motor in the jaws of an engine lathe in the Hogue machine shop. The motor was hooked up to a 
volt meter, amp meter and some power resistors to gain insight into output of the motor at a given 
rpm and resistance.  
Normal Force: (Appendix A4) 
The normal force required to maintain static friction at the point of contact between the bicycle wheel 
or flywheel and the large sprocket was calculated by finding the tangential velocity of the large 
sprocket at the point of contact. By definition the Watt is an expression of a newton-meter over a 
second. Using the power output at the specified motor rpm it was possible to calculate the normal 
radial force on the large sprocket required for a non-slip condition.  
Natural Cadence Estimate: (Appendix A1) 
A preliminary “lap” was taken on the spinning bike in room 205 of the Hogue Technology building to 
establish a natural pedaling cadence to produce a desirable input rpm for the dc motor. A natural 
cadence was estimated to be between 1 and 3 cranks per second. A speed reduction system was 
designed based on the motor operating at an ideal 2750rmp. Using a 1.9” sprocket on the motor and a 
4.8” sprocket against the spinning bike fly wheel yielded a cadence of 1.4 cranks per second.  
Cadence Estimation for additional wheel diameters: (Appendix A3) 
Additional estimates for required cadence were made for a multitude of standard wheel diameters and 
thicknesses. The point of contact on the large sprocket was predicted to move outward as the width of 
the tire increased due to the “v” groove in the sprockets design. This gave a smallest sprocket 
diameter in the instance of a road bike in an exercise stand and a largest sprocket diameter with a fat 
bike in an exercise stand. The revolutions required at the bicycle end in order to yield 2750rpm at the 
motor end were estimated to be between 1.4 and 3.9 revolutions per second.  
Center Distance: (Appendix A2) 
Once the diameters of the sprockets on the exercise bike generator were established it was possible to 
estimate the center distance between their axes based on available lengths of belts. A 24” XL Belt 
was selected.  
 
Frame Statics: (Appendix A5) 
In order for the exercise bike generator to function properly it must of course be static with the 
exclusion of the drive train. The weights of the heaviest components, I.E. The motor and the battery 
were plotted on an x-y plane along with the center of gravity predicted in the SolidWorks rendering. 
Using the dimensions established with the SolidWorks modeling it was possible to predict the forces 
in the x and y directions. The force required to balance the system in the x direction would be a 
necessary figure to specify the springs that would be used to strap the generator to the given spinning 
bike or bike in stand configuration. The balancing force in the x direction was predicted to be 16.5lbs 
Spindle Shear stress: (Appendix A7) 
The design of the generator implemented a .25” diameter A36 Steel spindle. The maximum shear 
stress on the spindle was calculated to be 289 psi. This load was based on a maximum 20lb load of 
the springs pulling the large sprocket against the engaged wheel. The figure for maximum shear stress 
was well below the maximum shear stress for the material even with a design factor of two, which for 
A36 Steel was estimated to be 9065 psi.  
Spindle Deflection: (Appendix A8) 
Since the spindle would be loaded in the middle it was desirable to know the maximum deflection of 
the spindle in order to know if the bowing of the axle would interfere with the spinning of the large 
sprocket. A beam deflection analysis was used to determine that if two 10lb loads were to be applied 
to the spindle at the bearings then the maximum deflection of the spindle would be .0074”.  
 
Spring Design and Specification: (Appendix A6) 
The loading for the springs was estimated to be between 10-15lbs maximum for each spring. The 
springs were designed to have a free length of 3 inches and extend to 5 inches in order to provide the 
necessary loading. During the design process ASTM A227 steel wire was used.  The design of the 
spring specified a .565” diameter spring with a 2.48” body. An extension of 1.51” would provide a 
load of 11.22lbs. A similar spring that met close enough criteria to the designed spring was selected 
from McMasterCarr.  
Roller Bearing Analysis: (Appendix A9) 
A pair of roller bearings would be required to enable the large sprocket to spin freely on the spindle. 
A predicted load of 13lbs was specified as well as a design life of 30000 hours of operation which 
was specified to give the bearings the same relative functioning life as the electric motor. A dynamic 
load rating of 255.64 lbs was calculated and a suitable bearing was selected from McMasterCarr.  
 
Weldments: (Appendix A11) 
For the weldments on the frame of the exercise bike generator it was decided that any of the joints 
should be able to bear 500lbs in vertical and torsional shear stress and 500lbs in bending stress in 
order to make a robust frame design. Since the specified alloy for the frame was 6061-T6 aluminum a 
filler rod of 4043 aluminum was selected. All of the weldments could sustain stresses greater than the 
specified minimum by and order of 10 with the weld lengths specified.  
 Pin Loading: (Appendix A10) 
The pins that connect the telescoping legs to the frame of exercise bike generator would be required 
to bear the load of the generator, which was estimated to be 16.5 lbs using the SolidWorks assemble 
and the weighed masses of the motor and the battery. The shear stress on the steel pins was calculated 
to be 8.25lbs per pin and 84psi per pin which was well below 1764psi which was the estimated 
maximum shear stress for a .25” steel pin. This enabled the pins to be reduced in diameter if it 
became necessary for clearance purposes.  
 
Post-facto center distance re-evaluation: (Appendix A13) 
The design of the large sprocket on the exercise bike generator evolved several times during the 
design phase and then one more time when some of the preliminary manufacturing was occurring. 
The initial design of the generator was intended to be symmetrical, with a “v” belt engaging with a 
large sheave in the middle of its width. As the design proceeded it was decided that a synchronous 
belt drive system would be desirable to remove bending stress from the motor shaft.  
Finally during the manufacturing phase it was observed that the design of the generator could be 
made more compact by making the path of the drive train off center from the symmetry of the frame, 
and bringing the motor in board. This change necessitated a redesign of the spindle and the large 
sprocket. The teeth on the sprocket which had before been in the middle of the “v” groove of the 
sprocket were then translated to the outside of the sprocket. Since the diameter of the sprocket was no 
longer limited by the minimum diameter of the “v” groove it was increased to 5.75 inches, further 
increasing motor rpms. Since the move was made to a synchronous belt system a smaller 1” sprocket 
could be used on the motor shaft to further increase the motor rpms.  
Since both diameters of the sprockets had changed it was prudent to recalculate the center distance to 
make sure that the belt that was specified at first was still acceptable. A spread sheet was made to 
produce the center distances for a range of belt lengths. It was determined that a 24” belt could still be 
used if the location of the spindle retaining arms were moved upwards, which is what was done. This 
saved time and money that may have been expended in ordering another size of belt.  
Post-facto bridge rectifier construction: (Appendix A14) 
After device construction and preliminary testing it became evident that something was wrong on the 
electrical level. It was determined that the volt-amp-watt meter that was being used to quantify power 
output from the motor would only read current coming from one direction. This presented an issue 
because the motor would rotate and produce current in different directions depending on the exercise 
platform the generator was applied to. To “rectify” this problem a bridge rectifier was constructed 
using four diodes. The diodes serve to direct current to the positive terminal on the volt-amp-watt 
meter so that a reckoning of power production could be made.  
Scope of Testing and Evaluation: 
 
Testing will include application of the generator to 3 or more machines and bicycle trainers with 
different bicycles. Setup time should be less than 5 minutes. To test the generator it will be operated 
for 5 minutes continuously. It will be appropriate to take not of the exercise platform in use and any 
applicable gear ratio that is used on that platform. Using the readout from the Watts-Up meter it 
should be possible to observe the effectivity of the charging that the generator is capable of. A video 
of the volt-amp-watt meter will be used to tabulate the real time data. The voltage on the 5ah battery 
will be measured both before and after the test to determine the increase in charge. A simple spring 
scale will determine if weight objectives have been met.  
 
 
Device: Parts, Shapes and Conformation: 
 
All Manufactured Parts: 
 
 
Bent Tubes: 
 
 
 Leg Mounting Plates: 
 
Retaining Arms: 
 
 
 
Motor Mount Angle: 
 
 
 
 
Motor Mount Plate:  
 
 
 
 
 
 
 Retaining Arm Gussets: 
 
 
 
Handle: 
 
 Threaded Rods: 
 
 
 
Leg Attachment Pins: 
 
 
Interior Telescoping Tubes: 
 
 
Adjustable Feet: 
 
Spindle: 
 
 
3D Printed Sprocket: 
 
Spring Retaining Bushings: 
 
 
Welding Spacers: 
 
Device Assembly, Attachments: 
 
       
3 Dimensional Model Assembled Device 
 
 
Tolerances, Kinematics, Ergonomics: 
 
All of the tolerances in this project for any moving parts were designed to have a free running fit. 
Problems that were encountered with manufacturing caused some of the tolerances to deviate from 
specification. Notably the tube bending process forced the tubes to twist slightly which in turn 
compromised the parallelism of the leg mounting plates. The lack of parallelism in the leg mounting 
plates caused the connecting pins and cam handles to bind as they articulated through the channels 
that allowed for them to be adjusted. This was addressed by removing stock with a die grinder until 
clearance was achieved.  
Another issue in manufacturing that effected device performance the 3D printing process. The large 
sprocket was a lengthy printing process of 107 hours and had some issues with thermal expansion and 
contraction. This caused the sprocket to be out of concentricity by .05 inches. This propagated a 
rather noticeable vibration in the device during operation at higher rpms.  
Technical Risk Analysis, Failure mode analysis, Safety factors, Operational limits.  
 
Due to the low power nature of this project there is little risk involved. It is possible that some of the 
circuitry could be burnt out if the wiring is not executed properly. During the testing phase of this 
project it will be imperative that the battery has significantly less than 13.6 volts of charge so that the 
increase in charge can be noted. The charge controller will not allow the battery to be charged above 
13.6 volts. The loading on this generator are not significant enough to require a safety factor for the 
frame. Were a safety factor to be calculated it would be in the order of tens  if not hundreds.  
 
Methods and Construction: 
 
Description: 
There have been several iterations of this exercise bike generator that have been assembled be 
previous senior met classes. The goal for the current iteration will be to create an easier to use and 
more elegant that will still perform the core function of charging a battery. Since many of the 
necessary components of the bike generator are prefabricated the critical parts that must be made are 
the frame, spindle, legs, and the sprocket. The frame for the bike generator must provide an 
adequately rigid foundation for the motor, charge controller, battery, and large sprocket bracket to be 
mounted to. To accomplish this, traditional fabrication methods that are offered within the various 
labs in the Hogue Technology building will be used to cut, machine, weld and fasten and aluminum 
frame, and some adjustable mounting hardware. 
The exercise bike charger will consist of an aluminum frame that will be constructed from 1 inch 
6061-T6 aluminum tubing, ¼ inch 6061 Aluminum plate and 6061 aluminum angle. The main 
components of the frame will be two bent tubes that will be parallel to one another with plates welded 
between them. The frame will include two arms that will retain a spindle and 3D printed synchronous 
belt sprocket at sufficient distance from the rest of the components to spin freely. The plates within 
the frame will provide a mounting surface for both the motor and the battery.  
The frame will also include two plates that will provide attachment points for two telescoping legs. 
The legs will be able to pivot back and forth due to a path milled in the leg mounting plates. The legs 
are secured in place using a cam handle attached to a threaded stud that goes through the perforations 
in the leg mounting plates and the legs.  
The telescoping legs will consist of a 1 inch outer tube and a ¾ inch interior tube. The outer tube will 
have a 1 inch linear hole pattern drilled in one side to accommodate a button spring that is inserted 
into the interior tubing. The bottom of the interior tubing will have a welded plug that is drilled and 
threaded to accommodate a 3/8-16 HSS threaded rod with a “U” shaped steel foot plate welded at its 
base. The “U” shaped foot plate was designed to but against square and round tubing up to 2 inches in 
width or diameter.  
The 3D printed large sprocket will implement a “V” shaped groove that will provide a contact point 
between the sprocket and a wide variety of wheel diameters. The synchronous drive component of the 
large sprocket will be located to one side of the sprocket. The sprocket will be mounted to the spindle 
using two roller bearings with retaining rings to hold it in place. A 24 in XL belt will conduct power 
from the large sprocket to a 1 inch diameter small sprocket that is attached to the shaft of a 300W 
24V DC permanent magnet motor.  
The motor will be connected in series with a charge controller which will regulated the voltage that is 
placed on a 12 Volt 5 amp hour sealed lead acid battery. There will be a Volt Amp Watt meter that 
will display the flow of electricity coming from the motor.  
 The exercise bike generator will be attached to either a spinning bike or a bicycle that is 
locked within an exercise stand webbing straps with a buckle will be threaded through the free loops 
of two extension springs attached at either end of the spindle. The buckles on the webbing straps can 
be used to adjust the length of the straps to provide uniform tension on the springs and fix the 
generator and frame to the exercise machine. 
Tubing: 
All of the aluminum tubing was cut to within 1/10 of an inch on the horizontal band saw. Final length 
dimensions for the bent frame legs, retaining arm gussets, handle, and telescoping tubes were milled 
to within .005 inches of specified dimensions using an upright mill. The holes in the telescoping 
tubing and the retaining arms were located laying out the position of the holes with the height dial 
indicator on the granite slab. A center punch was used to guide the drill tip to the appropriate location.  
¼ inch Round Rod and 3/8-16 threaded rod: 
¼ inch A36 round rod was used to make the two leg connection pins and the spindle for the large 
sprocket. The rough lengths were achieved on the vertical metal cutting band saw. The stock was 
secured using vice grips. The final lengths, chamfers and retaining ring grooves were achieved in an 
engine lathe with a three jaw chuck. Similar protocol was followed for the threaded rod.  
Mounting Plates and gussets: 
The .25x1 inch and 1.5x1.5 inch aluminum angle for the motor mounting plates were cut to within 
1/10 of an inch on the horizontal band saw and milled in the upright mill to final length. Each were 
milled with two slots for the 4 M6-12 machine screws required to mount the motor. The slots were 
specified so the synchronous belt could be tensioned and removed easily. The slots were milled with a 
¼ in two flute HSS end mill. Chamfers were milled in the slots using a 45 degree counter sink.  
The significantly more involved geometry of the leg mounting plates were designed to allow the 
telescoping legs to both pivot 45 degrees from side to side and also to allow the legs to be folded out 
of the way against the frame for storage or interfacing with a wheel that was lower in relation to the 
bottom of a machine frame. The rough dimensions of the plates were cut on the vertical band saw. 
The final rectangular dimensions were milled in an upright mill. The corner radii and the curved slots 
as well as the elliptical weight reduction hole were milled in the Milltronics CNC mill with the use of 
MasterCam.  
The retaining arm gussets were cut to rough dimensions on the vertical band saw. The 45 degree 
geometry was achieved by laying out a scribed line and clamping the gusset in the vice on the upright 
mill visually parallel with the scribed line, and milled to specification.  
Tube Bending: 
A square tubing bending die was acquired for the department with assistance from Matt Burvee, for 
the bending of the two legs of the frame of the generator. The bending die was equal to the task but it 
required a great deal of physical effort in order to overcome the temper of the 6061-T6 Tubing. When 
the bends were finally achieved it was difficult to remove the tubing from the die. There was some 
superficial surface damage the tubing and some twisting did occur. Due to the difficulty of removal 
from the bending die an angular dimension of 125 degrees was achieve which was in contrast with the 
specified 120 degrees. This did not affect the function of the generator.  
 
Battery Strap:  
The rough length of the 1.5 inch wide battery strap was but with the horizontal band saw. The bends 
were achieved with a 45 degree die mounted in a hydraulic press. Layout of the screw holes was 
executed with calipers, center punched and drilled in the drill press with a .25 inch HSS drill bit and 
counter sunk.  
Aluminum welding: 
To achieve the appropriate spacing and geometry for the welding of the frame Doug fir spacing 
blocks were cut to locate both of the mounting plates, the retaining arms, retaining arm gussets, and 
leg mounting plates. The spacer for the leg mounting plates included two holes located precisely with 
an upright mill to locate the .25 inch leg mounting pins within the mounting plates in order to 
maintain parallel orientation of the leg mounting plates.  All weld locations were initially tack welded 
so that the fit of the motor and the large sprocket could be checked before the final welds were made. 
It became necessary to use significant clamping force to pinch the bent tubes into an acceptable 
position because of some twisting that occurred in the bending process.  The welding of the plugs in 
the interior telescoping legs required little setup or special preparation. The plugs were then drilled 
and taped with 3/8”-16 threads.  
Foot Plates: 
The foot plates were rough cut in the horizontal band saw. Their centroids were located using calipers 
and were then drilled using a center drill for boring after the bending process. The foot plates were 
initially bent using the hydraulic press. The final bending was achieved via a forging process wherein 
an oxy-acetylene torch set up with a rosebud tip was used to heat the leg plates to 1800-1900 degrees 
F. Vice grips and pliers were then used to wrap the leg plates around a 1.5 inch diameter round piece 
of aluminum to achieve an appropriate radius. The leg plates were allowed to cool at room 
temperature after forging. They were then drilled and taped with 3/8”-16 thread. The threaded rod 
was then screwed flush with the inside radius of the leg plates and welded in place.  
3D Printed Sprocket: 
Several different options were explored for the printing of the large sprocket. It was estimated that 3D 
printing using the ABS printers in Hogue would cost approximately $170. The new 3D printer in the 
Hogue Technology building made use of significantly cheaper PLA filament could theoretically print 
two of the large sprockets for less than $20, but it’s some of its mechanical components failed during 
printing and it was unable to print the part. The large sprocket ended up being printed in Black Hall 
with PLA filament for a fee of $23.49. The white PLA filament that was chosen for the part ran out 
nearing the end of the print and was replaced with a magenta PLA filament to give it a very striking 
aesthetic detail. Some modifications to the 3D printed sprocket were required to achieve function. 
The bearing seat, and the bore for the spindle had to be widened to achieve their function. Once the 
appropriate bores were achieved the large sprocket was mounted on the spindle and the spindle placed 
in a ¼ in hole drilled in a large wooden block so that it could stand up and be spun freely. All parts of 
the large sprocket except for the “v” groove surface were covered with masking tape. The sprocket 
was then spun and sprayed with rubber tool dip which was able to penetrate into the 3D printed 
matrix with good resulting adhesion. The purpose of the tool dip application was to decrease the 
coefficient of friction between the large sprocket and the mating wheel.  
 
Nylon Bushings: 
Two nylon bushings were required to mount the springs to the outside of the spindle. Their outer 
diameter, inner diameter, and groove for the spring loop were all turned on the lathe. The bushing was 
then parted from the solid nylon round and deburred. 
Final Assembly: 
To assemble the telescoping legs some modification was required to allow the button spring to 
articulate freely from hole to hole. A Dremmel tool was used to relieve the inside of the exterior tube 
at a sufficient angle to allow the button spring to slide easily from position to position. Due to the 
twisting of the bent tubes, parallelism with the leg mounting plates was out of specification. This 
disallowed the telescoping legs to articulate through the paths that were milled in the leg mounting 
plates. This problem was addressed by widening the radiused slots with a die grinder until 
functionality was achieved. The holes in the exterior telescoping tubing which accommodated the 
locking cam handles were drilled oversize to allow the threaded studs to slide freely through their slot 
in the mounting plate. Four 6-32 holes were drilled and tapped into the back of the tubing frame to 
mount the charge controller. The motor, small sprocket, XL belt, as well as the sprocket and spindle 
assembly required no special treatment in assembly. The loops for the extension springs did however 
have to be bent open and then closed again over the nylon bushings.  
Drawing Tree:
 
Parts List: 
Parts List: 
Device Frame 
 1" by 24" 6063 Aluminum Tubing (Alcobra) 
 1/4" by 12" by 12" 6061 Aluminum Plate (Alcobra) 
 1-1lb Gas Welding Rod (McMasterCarr) 
 1-Pack(3) Extension springs (McMasterCarr) 
 
Telescoping leg 
 1" by 12" Telescoping Aluminum Tubing (Alcobra) 
 3/4" by 12" Telescoping Aluminum Tubing (Alcobra) 
 1-Pack(5) Stainless Button Springs (McMasterCarr) 
 2-High Strength Steel Threaded Rod (McMasterCarr) 
 3/16"x1"x12" 1018 CR Steel Flatbar (Alcobra) 
 2-1/4"x1.75" Chrom Moly Rod (Alcobra) 
Generator 
Assembly
Telescoping 
Leg
Outer Leg
Inner leg
Button 
Spring
Threaded 
Insert
Bent Foot
Threaded 
Rod
Pin 
Attachemen
t
Cam Handle
Lock Nut
Retaining 
Rings
Frame
Bent Tube
Motor Mounting 
Plate
Leg Mounting 
Plate
Motor Mouting
Angle
Handle
Shaft Retaining 
Arm
Retaining 
Arm Gusset
Drive Train
Large 
Sprocket
Spindle
Bearings
Small 
Sprocket
21" XL Belt
Spindle 
Bushing
Retaining 
Rings
Washers
Electrical
Motor
Charge 
Controller
Battery
Volt Amp 
Watt Meter
 4-1/4” OD Black Phosphate Steel External Retaining Ring (97633a130) 
 
Electronics 
 1 Uxcell Intelligent 25A Charge Controller 
 1-MY1016 24V 300Watt DC Motor 
 1 Windy Nation Watt Volt Amp Meter 
 1-12V Lead acid Battery 
 Wiring 
 Fasteners 
Drive Train 
 1 kg Hatch box ABS 2d Printer Filament 
 1-Lightweight Timing Belt pulley (McMasterCarr) 
 1-XL Series Timing Belt (McMasterCarr) 
 1-Pack(100) External Retaining Ring (McMasterCarr) 
 1-1/4"x7.5" Chrom Moly Rod (Alcobra) 
 4-1/4” OD Black Phosphate Steel External Retaining Ring (97633a130) 
 2-Ball Bearing (McMasterCarr) 
 Plasty Dip 
 
Cut List: 
1” aluminum tubing 
 2: 20” 
 2: 3.5” 
 1: 7” 
¼” aluminum plate 
 1: 4”x5” 
 2: 3.25”x9.5” 
 1: 1.5”x4” 
Telescoping aluminum tubing 
 2: 1”x10” 
 2: .75”x8” 
3/8”-16 Threaded Rod 
 2: 2” 
3/16 mild steel flat bar 
 2: 5.5” 
¼” A36 Steel rod 
 1: 7.5” 
 2: 1.75” 
 
 
 
 
Testing Methods: 
Voltage Test: 
The critical test for the exercise bike generator will be its capacity to build electric potential enough to 
build charge on a 12 volt battery. This test can be done simply with the use of a digital multi-meter 
connected in series after the DC motor. A graph can be generated using data points from the multi-
meter and a tachometer to count revolutions per minute. By graphing revolutions per minute versus 
voltage, an rpm can be associated with a voltage for optimal charge.  
  
Fitment test: 
The ability for the generator to easily interface with exercise bikes is a critical part of its function. If it 
proves to be too unwieldy to apply and remove it will be a less marketable product. For the testing of 
fitment, the frame and generator must; 1. Fit the machine, and 2. Be set up in less than 7 minutes. 
These actions can be timed with a stop watch.  
 
 
Budget/Schedule/Project Management: 
 
Budget Details: 
The proposed budget for this project was specified to be less than $300.00. Currently the 
budget stands at $165.24 due to the presence of salvaged materials in the Hogue technology machine 
shop and items that were repurposed from other sources. Many items such as fasteners and retaining 
rings were purchased in bulk and add cents to the budget rather than dollars. Some of the more 
expensive items with mitigated or decreased costs for this project were; the aluminum stock, 
primarily the ¼” plate and the associated shipping fees, the electric motor, the charge controller, 3D 
Printer Filament, A Volt amp watt meter and a pair of locking cam handles with threaded studs.  
Most of the necessary parts were already on hand or ordered by the 2nd week of January 2018 
as per the schedule. The aluminum tubing that was required for the frame of the generator did not 
arrive until the 3rd week of January and progress could not be made on those parts until its arrival. The 
charge controller did not arrive until the final week of January, but its absence was not an 
inconvenience at that stage of manufacture. The items on the budget with mitigated or lowered cost 
include the 1” aluminum tubing and the 1” aluminum plate. These aluminum items accounted for 
$50.03 on the budget and that reduced the total amount expended on aluminum to $42.90, since these 
items were already stocked in the Hogue Machine shop.  
The DC electric motor was salvaged from a previous prototype generator which mitigated $44.99 
from the initial budget. There was a Volt amp watt meter previously stocked for just such a project in 
the Hogue thermodynamics lab, and the purchased charge controller also contains a readout for volts 
and amps. The two locking cam handles were salvaged from old bicycle spindles that were donated 
by the Recycle Bicycle shop in Ellensburg Washington. Their length was shortened and their ends 
rethreaded to accept the accompanying nut. This trimmed the budget by $27.54. A 12” piece of 
3/16x1” HR steel flat bar was donated by Western Metal Products in Ellensburg Washington, saving 
another $2.77.  Other items that were salvaged include: 1 12” length of 1040CR ¼” Steel rod, 5” of 
hss threaded rod and a 5” length of 1.5”x1.5” aluminum angle.  Some Plastidip Spray was purchased 
from the Ace Hardware in Ellensburg WA, for a total of $8.97. The 3D printed large sprocket was 
printed at Black Hall on the Central Washington University Campus out of a PLA filament for a fee 
of $23.49. A breakdown of all of the expenses can be found in Appendix D.  
Schedule:  
Although the exercise bike generator was completed within the allotted time many of the tasks that 
were scheduled did not occur at their specified times due to manufacturing difficulties and lag in 
ordering and shipping times. The total estimated time for part manufacture and device assembly was 
estimated to be 58.75 hours. The total actual time for part manufacture and device assembly was 
recorded as 31.85 hours, excluding a length 106 hour 3D print for the large sprocket.  
The 3D printed sprocket had been scheduled for manufacture early in the quarter but ran into issues 
with printing. The first printer it was attempted on was not equal to the task and failed in two attempts 
to print the large sprocket. Different 3D printing options were explored until finally it was discovered 
that part of all CWU Student technology fees pay for a top notch 3D printing service open to all 
students in Black Hall. After finding reliable 3D printing the large sprocket was printed during the 6th 
week of the quarter over a period of 106 hours.  
The aluminum tubing required for many of the parts did not become available until the fourth week of 
the quarter which significantly delayed the production of those parts. The parts that were delayed 
were the bent tubes for the frame, the retaining arms, and the handle.  
Other items that were pushed back were foot plates and the manufacture of the telescoping legs 
because material was still on order and being sought out for those parts.  
Although there were delays in the manufacturing of some parts, that cleared up time to manufacture 
other parts. The programing and machining of the leg mounting plates were machined a week ahead 
of schedule 
During the construction phase of the project time to practice welding was taken a week before 
scheduled, and the conclusion was made well ahead of schedule that professional help would be 
required for the welding of the aluminum components. The assembly of the telescoping legs and the 
Plastidip coating of the large sprocket were executed 3 and 1 week ahead of schedule respectively.  
Professional help was not available for welding until a week after the welding had been scheduled 
due to the unavailability of competent welding assistance. This delay offset the final device assembly 
by two weeks. Some of the aesthetic specifications such as the Plastidip Coating for the handle and 
adjustable feet, as well as the sand blasting of the aluminum parts were postponed until after testing 
and any necessary modifications are made.  
 
Management: 
During the manufacturing phase of this project, effort was made to streamline part manufacturing by 
rough cutting all of one type of stock and then the next before returning to finish the parts to final 
dimensions on either the lathe or the mill. This protocol was observed for all of the tubing, ¼ inch 
steel rod, 3/8”-16 threaded rod, as well as the ¼ inch plate and aluminum angle. This minimized setup 
time and eliminated the need to jump from machine to machine in order to achieve a singular finished 
part. Although proceeding in this fashion caused the project to miss a manufacturing deadline it 
reduced setup time significantly and in the end reduced part manufacturing time by nearly five total 
hours.  
Discussion: 
The design of the exercise generator has evolved to make use of a drive train that is in line with the 
wheel on the given exercise machine. One previous design had the large sprocket braced against the 
side of the spinning bike wheel. In addition to orientation of the drive train with respect to the 
exercise machine wheel, the frame of the generator has been designed to accommodate several 
different machines. As the project continues, additional drive train analysis will be performed, 
specifically exploring the benefits of using a synchronous belt drive train to reduce the wear on the 
motor bearings.  
Conclusion: 
The frame geometry and velocity ratios of this iteration of the exercise machine generator have been 
improved significantly from previous designs. Its weight, cost, and versatility fall well within the 
design requirements specified at the beginning of this report.  
With the salvaging of materials left over from other projects and the donations from local businesses 
the current tally of expenses has added to $165.24. Much less than the $375.90 in anticipated 
expenses. It was required that the device cost less than $300.00, so this requirement was met.  
The current weight was measured to be 15.2lbs which is less than the goal of 30lbs by nearly fifty 
percent.   
The adjustable legs that affix to the generator frame were designed to give added versatility to the 
application of the generator as it can used in conjunction with either a spinning bike or a multitude of 
bikes locked in a bike stand. It was predicted that setup time would fall within the margins of a 5 
minute set up time. During testing the exercise bike generator was attached to a spinning bike with a 
20” diameter flywheel, a mountain bike with a 26” wheel diameter in a training stand, and a 
recumbent bike with a 26” wheel diameter. Given that the device was successfully attached to three 
exercise platforms it was reasonable to believe that it would have no trouble with other platforms. The 
compatibility aspect of this project was also considered a success.  
The velocity ratio has been refined through three iterations of drive train and it was predicted that the 
generator should be able to spin the motor shaft at a high enough rate to establish charge. With the 
initial establishment and testing of the voltage curve (Appendix A12) it was predicted that if the input 
rpms at the point of the motor were to be at 2020 rpms the generator should produce 9.85 amps and 
57.13 watts. During the testing of the exercise bike generator the motor operated between 3450 and 
3920 rpms, the current produced was on average 4.16 amps with a power output of 59.82 watts. The 
original requirement for this project was that it would charge the 5ah battery that was onboard the 
generator. After a five minute test of the generator the battery was elevated from 12.2 to 12.48 volts 
to prove that the generator could indeed chare the onboard battery.  
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Appendix A: Analyses 
A1: Cadence of Exercise Bicycle 
 
 
 
 
A2: Center Distance Between Sprockets 
 
A3: RPM of common bicycle wheel geometries for optimal motor shaft RPM 
 
A4: Normal force required for no slip condition at estimated 300Watts Power Output.  
 
A5: Loading on aluminum frame. 
 
A6: Spring Design and Analysis 
 
  
A7: Shear Forceson Axle 
 
A8: Axle Deflection 
 
A9: Analysis for suitable roller bearings 
 
A10: Shear Force on leg connection pins 
 
A11: Maximum loading on welded joints 
 
  
A12: Voltage Curve Analysis 
 
Rpm V I R P 
326 1.43 0.282 5.070922 0.40326 
506 2.23 0.439 5.079727 0.97897 
725 3.24 0.638 5.07837 2.06712 
1000 4.5 0.89 5.05618 4.005 
1300 5.89 1.02 5.77451 6.0078 
1500 6.83 1.346 5.074294 9.19318 
1750 7.98 1.571 5.079567 12.53658 
2000 9.11 1.795 5.075209 16.35245 
     
330 1.36 0.38 3.578947 0.5168 
500 2.09 0.582 3.591065 1.21638 
730 3.08 0.865 3.560694 2.6642 
1005 4.3 1.205 3.568465 5.1815 
1297 5.6 1.571 3.564609 8.7976 
1528 6.68 1.865 3.581769 12.4582 
1746 7.63 2.13 3.58216 16.2519 
2002 8.78 2.451 3.582211 21.51978 
     
333 1.27 0.508 2.5 0.64516 
503 1.97 0.78 2.525641 1.5366 
708 2.83 1.12 2.526786 3.1696 
1005 4.1 1.625 2.523077 6.6625 
1315 5 2.157 2.318034 10.785 
1524 5.43 2.5 2.172 13.575 
1712 6.32 2.824 2.23796 17.84768 
2030 8.5 3.3 2.575758 28.05 
     
333 0.8 1.39 0.57554 1.112 
532 1.37 2.36 0.580508 3.2332 
719 1.9 3.328 0.570913 6.3232 
1043 2.9 4.5 0.644444 13.05 
1308 3.7 6.4 0.578125 23.68 
1500 4.36 7.42 0.587601 32.3512 
1700 5 8.4 0.595238 42 
2020 5.8 9.85 0.588832 57.13 
 
  
A13: Center Distance 2.  
 
 
A 14: Bridge Rectifier Design and construction.  
 
 
 
Appendix B: Drawings 
B1: Device Construction  
 
B2: Leg Sub Assembly: 
 
B3: Outer Adjustable Leg 
 
  
B4: Inner Adjustable Leg 
 
 
 
 
 
 
  
\ 
 
B5: Threaded Rod 
 
 
 
 
 
 
 
 
 
  
 
B6: Bent Foot 
 
 
 
 
 
  
 
B7: Threaded Insert 
 
  
 
B8: Cam Handle 
 
  
 
B9: Locknut 
  
 
B10: Pin 
  
 
B11: Frame Assembly 
 
  
 
B12: Bent Tube 
 
  
 
B13: Leg Mounting Plate 
 
  
 
B14: Handle 
 
  
 
B15: Spindle Retaining Arm 
 
  
  
 
B16: Retaining Arm Gusset 
 
  
 
B17: Motor Mounting Plate 
 
  
 
B18: Motor mounting angle. 
 
  
 
B19: Battery Strap 
 
B20: Drive Train: 
 
  
 
B21: Max diameter Sprocket 
 
  
 
 
  
 
 
  
 
B22: Spindle 
 
  
 
B23: Ball Bearings 
 
  
 
B24: Extension Springs 
 
  
  
 
B25: Washer 
  
 
 
B26: XL Belt. 
  
 
B27 Spindle Bushing 
B28: Retaining Ring 
  
 
B29: Small Sprocket* 
 
*Actual pulley has a bore of 5/16” and has been retained from previous generators.  
 Appendix C: Parts List 
Parts List: 
Device Frame 
 1" by 24" 6063 Aluminum Tubing (Alcobra) 
 1/4" by 12" by 12" 6061 Aluminum Plate (Alcobra) 
 1-1lb Gas Welding Rod (McMasterCarr) 
 1-Pack(3) Extension springs (McMasterCarr) 
 
Telescoping leg 
 1" by 12" Telescoping Aluminum Tubing (Alcobra) 
 3/4" by 12" Telescoping Aluminum Tubing (Alcobra) 
 1-Pack(5) Stainless Button Springs (McMasterCarr) 
 2-High Strength Steel Threaded Rod (McMasterCarr) 
 3/16"x1"x12" 1018 CR Steel Flatbar (Alcobra) 
Electronics 
 1 Uxcell Intelligent 25A Charge Controller 
 1-MY1016 24V 300Watt DC Motor 
 1 Windy Nation Watt Volt Amp Meter 
 1-12V Lead acid Battery 
 Wiring 
 Fasteners 
Drive Train 
 1 kg Hatch box ABS 2d Printer Filament 
 1-Lightweight Timing Belt pulley (McMasterCarr) 
 1-XL Series Timing Belt (McMasterCarr) 
 1-Pack(100) External Retaining Ring (McMasterCarr) 
 1-1/4"x12" Chrom Moly Rod (Alcobra) 
 2-Ball Bearing (McMasterCarr) 
 Plasty Dip 
 
Jigging 
 2"x4"x8' Doug fir 
 
 
 
Appendix D: Budget & Expenditures 
 
Anticipated and actual cost analysis: 
Item Quantity Projected Cost Actual Cost 
1" by 24" 6063 Aluminum Tubing 3 16.14 0 
1" by 12" Telescoping Aluminum Tubing 2 8.64 6.92 
3/4" by 12" Telescoping Aluminum Tubing 2 6.72 5.38 
1/4" by 12" by 12" 6061 Aluminum Plate 1 33.89 0 
UPS Ground Shipping 1 22.44 20.6 
Handling 1 10 10 
WA State Sales Tax 1 8.24 3.52 
1 kg Hatchbot ABS 2d Printer Filament 1 21.99 21.99 
1-MY1016 24V 300Watt DC Motor 1 44.99 0 
1 Windy Nation Watt Volt Amp Meter 1 18.99 0 
1-12V Lead acid Battery 1 10.46 10.46 
1-Pack(5) Stainless Buton Springs 1 7.66 7.66 
1-Pack(3) Extension springs 1 8.18 8.18 
1-Lightweight Timing Belt pulley 1 8.2 0 
1-XL Series Timing Belt 1 4.96 4.96 
2-High Strength Steel Threaded Rod 2 5.46 0 
1-Pack(100) External Retaining Ring 1 7.82 0 
1-1lb Gas Welding Rod 1 12.31 0 
1-1/4"x12" Chrom Moly Rod 1 2.65 0 
2-Ball Bearing 2 13.12 13.12 
1 Uxcell Intelligent 25A Charge Controller 1 19.5 19.99 
Fasteners 12 8 0 
Plasty Dip 1 10 8.97 
2"x4"x8' Doug fir 1 2.23 0 
3/16"x1"x12" 1018 CR Steel Flatbar 1 2.77 0 
Clamping Handle with Threaded Stud 
(5720K67) 2 27.54 0 
3D Printing Fee (Black Hall)  33 23.49 
Planned Total  375.9  
Actual Current total:   165.24 
 
Appendix E: Schedule 
Note: Items that appear in pastel green and orange occurred on schedule, items in lime green occurred 
ahead of schedule and items in red occurred behind schedule.  
 
 
 
 
  
  
 
Appendix F: Expertise and Resources 
 
 
Appendix G: Testing Data 
 
The following is a tabulated list of the readouts taken every 5 seconds from the device test after final 
troubleshooting.  
Seconds Amps Volts Watts 
5 1.59 13.26 30.6 
10 3.05 13.52 41.3 
15 4.09 13.6 56.4 
20 3.29 13.06 45 
25 3.37 13.02 46.5 
30 3.09 13 53.9 
35 3.05 13 42.2 
40 3.62 13.9 50.3 
45 4.45 14.01 62.3 
50 3.01 13.95 53.1 
55 3.72 13.96 51.9 
60 3.39 13.93 47.2 
65 4.49 14.04 63 
70 4.51 14.05 63.3 
75 4.26 14.04 59.8 
80 4.26 14.06 59.8 
85 4.51 14.02 63.4 
90 4.33 14.05 60.8 
95 3.68 13.98 51.4 
100 3.06 14.02 54.1 
105 2.05 13.79 39.3 
110 3.9 14.03 53 
115 3.37 13.98 47.1 
120 3.7 14 51 
125 3.71 14.05 52.1 
130 3.29 13.97 45.9 
135 3.14 13.95 43 
140 4.15 14.07 58.3 
145 4.3 14.1 61.2 
150 4.62 14.17 65.4 
155 3.69 14.06 51 
160 4.62 14.17 65.4 
165 4.41 14.15 62.4 
170 4.65 14.11 58.6 
175 4.95 14.23 70.4 
180 4.67 14.22 66.4 
185 4.25 14.15 60.1 
190 4.68 14.24 66.6 
195 3.67 14.14 51 
200 4.39 14.23 62.3 
205 3.76 14.14 53.1 
210 5.33 14.36 76.5 
215 4.58 14.3 65.4 
220 4.55 14.26 64.9 
225 3.65 14.21 56.1 
230 3.94 14.23 56 
235 4.31 14.26 61.4 
240 5.14 14.37 73 
245 5.34 14.56 77.7 
250 4.02 14.25 57.2 
255 5.25 14.44 75 
260 4.06 14.45 70.2 
265 4.44 14.37 63 
270 5.43 14.56 79.1 
275 5.79 14.61 84.5 
280 5.57 14.65 81.6 
285 5.43 14.63 79.4 
290 6.26 14.79 92.5 
295 4.69 14.45 67.7 
300 4.73 14.46 68.3 
Average 4.155 14.07717 59.82333 
Total 
Ah 
0.355 
  
 
Appendix H: Evaluation Sheet 
 
Power Production Test 
 
Bike Platform type: Stand w/mountain bike_    
Wheel Diameter:_26”___________________   RPM  And Current Range 
Condition Current RPMs 
Minimum 
Current 
2.5 Amps 3450 
Maximum 
Current 
5 Amps 3920 
 
Sprocket Tooth #s 
 Chainring:42 teeth_______________ 
 Gear:_11 teeth__________________ 
 
Battery Voltage: 
Before Test:_12.2_______________________  After 
Test:_12.48________________________ 
Electrical Data: 
Time (Seconds) Volts Amps Watts 
Average Figures 14.46 4.73 68.3 
5 13.26 1.59 30.6 
10 13.52 3.05 41.3 
15 13.6 4.09 56.4 
20 13.06 3.29 45 
25 13.02 3.37 46.5 
30 13 3.09 53.9 
35 13 3.05 42.2 
40 13.9 3.62 50.3 
45 14.01 4.45 62.3 
50 13.95 3.01 53.1 
55 13.96 3.72 51.9 
60 13.93 3.39 47.2 
65 14.04 4.49 63 
70 14.05 4.51 63.3 
75 14.04 4.26 59.8 
80 14.06 4.26 59.8 
85 14.02 4.51 63.4 
90 14.05 4.33 60.8 
95 13.98 3.68 51.4 
100 14.02 3.06 54.1 
105 13.79 2.05 39.3 
110 14.03 3.9 53 
115 13.98 3.37 47.1 
120 14 3.7 51 
125 14.05 3.71 52.1 
130 13.97 3.29 45.9 
135 13.95 3.14 43 
140 14.07 4.15 58.3 
145 14.1 4.3 61.2 
150 14.17 4.62 65.4 
155 14.06 3.69 51 
160 14.17 4.62 65.4 
165 14.15 4.41 62.4 
170 14.11 4.65 58.6 
175 14.23 4.95 70.4 
180 14.22 4.67 66.4 
185 14.15 4.25 60.1 
190 14.24 4.68 66.6 
195 14.14 3.67 51 
200 14.23 4.39 62.3 
205 14.14 3.76 53.1 
210 14.36 5.33 76.5 
215 14.3 4.58 65.4 
220 14.26 4.55 64.9 
225 14.21 3.65 56.1 
230 14.23 3.94 56 
235 14.26 4.31 61.4 
240 14.37 5.14 73 
245 14.56 5.34 77.7 
250 14.25 4.02 57.2 
255 14.44 5.25 75 
260 14.45 4.06 70.2 
265 14.37 4.44 63 
270 14.56 5.43 79.1 
275 14.61 5.79 84.5 
280 14.65 5.57 81.6 
285 14.63 5.43 79.4 
290 14.79 6.26 92.5 
295 14.45 4.69 67.7 
300 14.46 4.73 68.3 
 
Appendix I: Testing Report 
 
Bicycle Generator Test Report 
 
Introduction: 
The main requirement of the of the bicycle generator was to charge a 12 V, 5Ah sealed lead acid 
battery using the onboard DC, permanent magnet motor. The generator must then be operated for a 
period of five minutes. The data that is of interest in this test is primarily Amps and Watts that are 
being produced by the generator because they are the proof that work is being done on the generator.  
The predicted power output of the generator is approximately 57 Watts at 2000 RPMs at the point of 
the motor. The current produced by the motor should be around 9 Amps. To establish proof of power 
production the voltage on the battery must be measured both before and after the test. The amps, volts 
and watts that are being induced have to be recorded with a video camera that is trained on the Volt, 
Amp, Watt meter that is integrated into the generator. This data was then tabulated into spreadsheets 
and graphs.  
This testing was scheduled to occur on the last week of April however, due to budgetary constraints 
testing was not possible until the following week. The planned schedule can be seen in the following 
section of the Gant chart made for the entirety of the project. The period of time that was slotted for 
testing can be seen in light green whereas the time that it actually took place is marked in red.  
 
 
Testing Method: 
Resources: 
 Exercise platform (either a bike in a bike stand or a spinning bike) 
 The exercise bike generator 
 Temporary charge controller/ volt, amp, watt meter circuit 
 5 Ohm power resistor 
 A digital multi-meter capable of measuring the voltage potential of the battery 
 A video recording device to record the readout of the Volt, Amp, Watt meter for the duration 
of the test.  
 An assistant to pedal the bicycle or record the video the readout on the Volt, Amp, Watt 
meter for the duration of the test.  
Documentation: 
1. The voltage across the battery terminals was recorded with the digital multi-meter both 
before and after the 5 minute duration of the test. These figures were recorded on the 
accompanying data sheets.  
2. Video record the readout of the Volt, Amp, Watt meter for the duration of the test. After 
the video is recorded record the volts, amps and watts in the attached datasheets. 
3. Additionally the total amp hours that were generated by the generator during the test were 
recorded at the 5 minute mark.  
 
Test Procedure Overview: 
 To start this test it was necessary to wire the exercise generator to a different charge 
controller that only kept the battery from overcharging. This was necessary because the charge 
controller that was originally specified for this project was made to track the power point of a 
photovoltaic panned and was not suited to the fluctuating power production of the DC motor. Once 
that was accomplished the bicycle generator was then attached to a bicycle that had been locked in a 
bike stand and readied for testing. The voltage on the battery was recorded, the video camera was set 
up above the volt, amp, and watt meter. The battery was discharged sufficiently for the test by 
hooking it up to a power resistor, and the test was began. After the conclusion of the test the voltage 
across the batter terminals was measured again.  
Operational limitations: 
The accuracy of the test of this generator are limited by the capacity of the battery. The charge 
controller in this generator system will prevent the battery from accumulating more than 13.6V so it is 
necessary to make sure that the battery is significantly discharged so that the battery does not reach 
13.6 volts during the duration of the test. To ensure that this condition was met some of the electricity 
in the battery was discharged through a power resistor.  
Another limitation to this test is that, in its current configuration with a borrowed charge controller, 
the test is challenging to perform with just one person.  
Precision and accuracy discussion: 
All of the instruments that were used in this test procedure could ensure up to two decimal points of 
precision. Since the duration of this test continues for five minutes this amount of precision is more 
than enough. The accuracy of this test was also somewhat self-confirming in that the battery voltage 
that is recorded both before and after the test can be cross referenced with the last voltage reading on 
the video recording of the volt, amp, watt meter.  
Data Analysis: 
The battery voltage before and after the operation of this generator is easily measured and transcribed 
onto the data sheets for this test. The more challenging part of documenting the data on this test 
occurred in transcribing the data from the video. Although the video quality was sufficient enough to 
accurately depict the figures that were displayed on the volt, amp, watt meter, those figures would be 
constantly changing for the duration of the test. This meant that while the figures were changing they 
were often blurry at the video frame that was nearest to the five second graduation during the test. 
This blurry image problem was solved by scrolling forward or backward up to .2 seconds in order to 
find the nearest measurement with a legible image. This method means that any of the data gathered 
with this method is only accurate to within .2 second of the listed time interval.  
Data Presentation: 
The finding for this test are presented in three separate graphs that compare voltage over time, current 
over time and watts over time. Additionally the total amp hours accumulated during the course of the 
test will be listed as well as the voltage on the battery before and after the test. The range of motor 
rpms will be listed on the test sheet as well.  
 
Test Procedure: Power production test.  
Summary:  
The primary motivation for building this exercise bike generator was to generate power for the 
charging of small electronics using energy from human effort. A critical test will be to determine how 
much power a person is generating via the generator. In this initial test the generator will be attached 
to a standard “spinning bike” and the spinning bike will be operated for five minutes. It is presumed 
that the generator will meet power production goals within the first 5 minutes of operation and will 
continue to operate similarly over longer durations.  During this time, volts, amps and watts will be 
recorded every 5 seconds. The voltage potential of the 5ah battery will be measured both before and 
after the test to determine the increase in charge of the battery. This test may be performed on 
platforms other than the spinning bike. For this project this test may be repeated for a variety of 
different bikes and wheel diameters. It is estimated that a cyclists pedaling in the tour de France can 
produce from 250-500W.i Since the test of this generator will take place over a 5 minute period power 
output may be higher than 500W and drop as the endurance of whoever is pedaling starts to fade.   
 
 
 
Duration: 
The duration of this test per pedaling platform will be 5 minutes.  
 
Place: 
The first test on the spinning bike will occur in Hogue Technology building in either the 
thermodynamics lab (Hogue 205). In the event that the thermodynamics lab is unavailable the 
spinning bike will be removed to a vacant location such as the senior project lab.  
Additional tests may occur in the thermodynamics lab on the bicycle training stand or in the senior 
project lab as needed. In order to gain insight on how the generator will interact with the variety of 
bicycles that it was designed for it will be brought to a local bike shop and the test will be executed 
with no less than four different bicycle wheel diameters and thicknesses.  
Resources:  
The equipment and items required for this test of the exercise bike generator are: 
 Exercise platform (either a bike in a bike stand or a spinning bike) 
 The exercise bike generator 
 Temporary charge controller/ volt, amp, watt meter circuit 
 5 Ohm power resistor 
 A digital multi-meter capable of measuring the voltage potential of the battery 
 A video recording device to record the readout of the Volt, Amp, Watt meter for the duration 
of the test.  
 An assistant to pedal the bicycle or record the video the readout on the Volt, Amp, Watt 
meter for the duration of the test.  
Steps for operation and testing: 
1. Determine the platform to be used. Either a spinning bike or a bicycle and a training stand. 
2. Loosen the cam handle clamps (Part 11, Figure 1) that secure each telescoping leg (Part 4, Figure 
1) at the appropriate angle and length so that the large sprocket(Part 26, Figure 1)  is roughly 
parallel to the interfacing wheel on the exercise platform. An indication good parallelism will 
be if the exercise platform wheel is centered in the “V” groove on the large sprocket of the 
generator and touches both sides of the “V” groove.  
3. Secure the cam handles so that the telescoping legs are secure. 
 
4. Identify two fixed points on either side of the exercise platform with which to secure the 
adjustable straps, taking care not to interfere with any drive train components.  
5. Loop each strap around the fixed point and secure the strap back on itself using the plastic 
buckle.  
6. Tighten the adjustable straps until the attached springs deflect from their free length 
approximately 1.5 inches.  
7. Set up a camera in position to photograph the volt/amp/watt meter every 5 seconds behind the 
generator once it is secured. If a multi-meter capable of tabulating electrical data is used it 
will have to be wired in series between the motor and the charge controller to collect the most 
accurate generation data.  
8. Disconnect the wires from the battery (positive or red wire first) and use a volt meter to 
measure the voltage potential of the batter before the test begins. Record the initial voltage. 
9. Reconnect the wires to the battery starting with the ground, or black wire.  
10. With one party monitoring the either the camera or the digital multi-meter and one party 
operating the exercise platform, start a timer and begin the test.  
11. If using a camera to log electrical data, take a picture every 5 seconds until the test concludes.  
12. If using a digital multi-meter to tabulate data, start the test on the digital multi-meter and 
computer and the timer simultaneously.  
13. At the conclusion of the test, disconnect the wires from the battery and measure the battery 
voltage as was done in step 8.  
14. Repeat as needed for other exercise bike platforms.  
 
 
Figure 1: Configurable parts of the generator. 
Safety and evaluation readiness: 
 Operation of the exercise bike generator involves producing electrical current. It has been 
established that current as little as .1 amps can cause serious injury or death if conducted 
across the human heart.  If it is necessary for the party that is cataloging data during this test 
to manipulate the generator while it is being operated do so with only one hand to eliminate 
the risk of electric shock.  
 The party that will be pedaling on whichever exercise platform is interfacing with the battery 
should not have a history of heart issues and be in suitable physical condition to safely 
operate the generator for the requisite amount of time for the test.  
 Note that the charge controller on the generator will stop the charge on the battery when it 
reaches 13.4 volts. In order to conduct the test, the battery must be at state of charge 
significantly below 13.5 volts.  
Discussion: 
It should be noted that power production via this generator will vary significantly based on the 
physical fitness of the party that is pedaling on the exercise platform. When the generator is interfaced 
with a bicycle and training stand the user may have the ability to change the output of the interfacing 
wheel on the exercise platform by shifting gears if the given bicycle has that capacity. Most spinning 
bikes implement friction to create resistance, and in doing so dissipate power in the form of heat 
which does not aid the generator in its function. Note again: The battery most be either partially or 
fully discharged in order to conduct this test.  
Deliverables: 
Parameter Values: 
The specific parameters for the exercise bike generator are fairly easy to meet. It should provide 
enough energy to charge a battery that can be used to charge other battery powered appliances and it 
should give the user some amount of exercise.  It was predicted with some preliminary motor testing 
that if the motor were operating at 2020 RPMs it should generate 9.85 Amps and 57.13 Watts.  
Success Criteria Values: 
To be considered a success during this testing aspect the exercise bike generator must produce some 
amount of power and charge the 12V battery in the system. Therefore the battery must exhibit higher 
potential at the end of the test than at the beginning. Additionally the generator must be able to adapt 
to different exercise platforms and not break during any of the tests.  
Conclusion: 
The figures that were recorded during the test exhibited much higher RPMs, much lower average 
current but very similar average power output. The range of RPMs in which the generator operated 
were between 3450-3920 RPMs. The average current that was calculated from all of the data points 
during the 5 minute test period was 4.16 Amps. The average power production during the duration of 
the test was calculated to be 59.82 Watts. The test generated .355 Amp hours for the five minutes of 
operation. This means that it would take approximately an hour and ten minutes to charge the 5Ah 
batter from no charge to full charge. For ease of comparison the predicted values versus the tested 
average values are listed in the table below.  
Predicted versus tested values for RPM/Amps/Watts. 
Parameter RPMS Amps Watts 
Predicted 2020 9.85 57.13 
Tested 3450-3920 4.16 59.82 
 
The generator managed to produce nearly enough energy to power a decent light bulb on the 
electrical end. It is possible that power output could have been optimized further by enhancing the 
stability of the generator. During operation of the generator it made a considerable amount of noise 
and vibration. During several tests the vibration was sufficient to rattle the small sprocket off the shaft 
of the motor. This issue was addressed with an application of lock-tight. The noise and vibration may 
have been due to the large sprocket being out of concentricity by .053 inches. The geometry of the 
frame was also skewed by the bending process used to bend the square tubing which caused the 
tubing to twist. This caused the leg mounting plates to be out of parallel which may have also 
contributed to the vibration.  
Graphs: 
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Test Schedule: 
 
Procedure Checklist: 
1. Acquire necessary equipment: 
a. Generator 
b. Exercise bike platform 
c. Test data sheets 
d. Digital multi meter 
e. Video camera 
f. Assistant or camera platform 
g. Snacks 
2. Setup exercise bike platform 
3. Apply generator 
4. Measure and record battery voltage 
5. Pedal for 5 Minutes 
6. Measure and record battery voltage 
7. Compile video data of volts, amps, watts and total amp hours produced.  
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Appendix J: Resume 
 
 
 Duane Harbick 
914 W 2nd Ave  Ellensburg, WA, 98926  (509) 899-6210  duaneharbick@gmail.com 
 
Education: 
   Bachelor of Science in Mechanical Engineering and Technology                                              
6/18 
   Bachelor of Fine Arts in Jewelry and Metalsmithing                                              in 
progress 
   Central Washington University, Ellensburg, WA 
   GPA: 3.0/4.0 
 
Skills and areas of knowledge: 
 Excellent verbal and written communication skills 
 Certified SolidWorks Associate, proficiency with AutoCAD, and MS Office 
programs  
 Geometric dimensioning and tolerances 
 Manual drafting, scale drawing/sketching  
 CNC and manual operation of lathes and mills 
 Familiarity with residential and 12 volt electrical systems  
 Ferrous and nonferrous metal fabrication, welding and soldering 
 
Relevant Coursework 
             CNC and Manual Machining                             Basic Electricity 
             Mechanical Design                                            Thermodynamics 
             Fluid Dynamics                                                  Applied Heat Transfer 
             Statics and Mechanics of Materials                   Metallurgy 
             Computer Aided Drafting (AutoCAD)              3 Dimensional Modeling 
(SolidWorks) 
 
Professional Experience: 
Designer, Fabricator, Gray Design Custom Manufacturing LLC, Ellensburg, WA        
1/2008-11/2010             
 Designed and fabricated architectural features using steel and nonferrous metals  
 Implemented wide variety of patinas, metal and wood finishes; specializing in fumed 
patinas on steel and nonferrous metals 
 Designed, fabricated and repaired cabinets and furniture 
 Completed design tasks for products to maintain aesthetic consistency in completed 
projects  
 Traveled to jobsites and coordinated with contractors and subcontractors to achieve 
successful installation of products 
 
Production Assistant, Iron Horse Brewing Co., Ellensburg, WA                                    
11/2010-9/2011        
 Ensured sanitation of kegs, primary fermentation, conditioning tanks, and transfer of 
beers as well as harvesting of yeast  
 Worked with a mobile bottling line to efficiently package product for safe transit on 
standard 4x4 shipping pallets 
 Designed, built and fabricated a cabinet for merchandise, several stainless steel 
shelves for glassware and an artistic drip tray and backsplash for beer taps  
Provided semiregular music for the brewery tasting room   
   Maintenance Mechanic/New Construction Lead                                                         
10/2012-11/2013        CloudView Ecofarms, Royal City, WA 
 Constructed a 24-sided pre-engineered auxiliary structure 
 Residential Remodels: Radiant floor heating, additions, electrical system upgrades, 
plumbing overhaul, all in compliance with building codes 
 Acquired permits and observed current universal building code compliance for the 
auxiliary structure, repairs and remodels  
 
Carpenter, Arbor Design Construction Ellensburg, WA                                                    
2/2014-3/2015                                                                        
 Interpreted architectural plans in order to execute multiple phases of construction 
from foundation to cabinets and trim 
 Oversaw and directed the efforts of a small crew of 3 carpenters 
 
 
    
 
 
    
 
i http://mapawatt.com/2009/07/19/bicycle-power-how-many-watts-can-you-produce, (4/5/2018) 
                                                     
